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Description 

The instant application discloses useful monoclonal antibodies (mAbs) against an epitope within the constant 
region of the human alpha/beta T-cell receptor (TCR), their production and use for immunosuppressive therapy in 
s organ and boDe marrow transplantation, in treatment of autoimmune diseases and for therapeutic applications in im- 
munoregulation. 

For decades Anti-leukocyte-antibodies for clinical and experimental use have been generated by immunizing, e. 
g. horses, rabbits, goats and rats with leukocytes, lymphocytes or subpopulatlons thereof or with various tumor cell 
lines. Specificity of such anti-leukocyte-globulin/Antithymocyte-globulin (ALG/ATG) preparations was usually obtained 

10 by careful selection of antigen sources or by absorption of undesired antibodies with different cell types such as eryth- 
rocytes, B-cells, selected cell lines, etc. This strategy, which resulted in high quality ALG/ATG s. requires a considerable 
expenditure of laboratory force, quality control, and the necessity to ascertain reproducible specificity from batch-to- 
batch. Within certain limitations, those ALG/ATGs made it possible to study leukocyte differentiation, the cellular origin 
of leukemia and lymphoma, to define T-cell subpopulations, and even to prepare antikdiotypic antisera. 

15 The therapeutic efficacy of ALG/ATGs is welt known, especially for immunosuppression in organ transplantation. 

In addition, ALG/ATGs have been used successfully to treat patients with aplastic anemia and for 'purging" bone 
marrow cells within the context of bone marrow transplantation. Despite the success with ALG/ATG preparations it Is 
accepted that even with a reasonable amount of laboratory effort, these polyclonal ant i -leukocyte-antibodies might 
vary from batch-to-batch and the specificity of these antisera is limited. 

20 Once the technique to produce mAbs was developed by Kohler and Milstein (Nature 225(1 974)), it was possible 

to generate antibodies with much higher specificity as compared to ALG/ATG preparations. Since mAbs recognize not 
only distinct antigens, e.g. on cell surfaces, but also particular epitopes within such an antigen, they can be used with 
high efficacy to discriminate even between very similar cell populations, and to characterize the biochemical and func- 
tional aspects of the recognized antigen. 

25 One use of mAbs is in targeting carcinomas so that they can be treated or diagnosed. This is disclosed In 

WO89/01783, for example, where a humanised antibody molecule having specificity for the TAG-72 antigen is dis- 
closed. This molecule comprises CDRs of its variable domain which are derived from the-mouse monoclonal antibody 
B72.3. The remaining immunoglobulin parts of the molecule are derived from a human immunoglobulin. 

m/Vbs have been most frequently and successfully used for immunosuppressive therapy in clinical organ trans- 

30 plantation. However, most mAbs have a broad immunosuppressive capacity, thus undesirably influencing functions of 
a wide spectrum of immune cells presumably not ail involved in graft rejection. 

yvmong others, the monoclonal antibody OKT3, directed against mature human T cells, has been extensively used 
for the treatment of patients undergoing acute allograft rejection after kidney transplantation (Russell RS., Colvin R. 
B., Cosimi, A.B.: Annu. Rev. Med. 35:63, (1984) and Cosimi A.B., Burton R.C., Ctolvin, R.B. etal; Transplantation 32: 

35 535, (1981)). Moreover, OKT3 and rabbit complement were used for purging mature T-cells from donor marrow to 
prevent acute graft-v-host disease (GVHD) in allogeneic bone marrow transplantation (Prentice, H.G., Blacklock, H. 
A., Janossy, G. et aj: Lancet 1:700, (1982) and Blacklock, H.A., Prentice, H.G., Gilmore, M.J. et al.:Exp. Hematol. 11: 
37, (1983)). Whereas OKT3 treatment seems to be effective in the prevention of GVHD in allogeneic bone marrow 
transplantation for acute leukemia, a combined in vitro/in vivo treatment with OKT3 failed to prevent GVHD during 

^0 therapy for severe combined immunodeficiency (Hayward, A.R. et al .: Clin. Lab. Observ. 100:665, (1982)). 

Treatment of T-cells with OKT3 elicits several responses inconsistent with immune suppression including T-cell 
activation, production of immune mediators and T3-modulation. The T3-antigen complex recognized by CD3-mAbs (e. 
g. 0KT3) is postulated to play a crucial role during T-cell activation. Functional studies indicate that the T3-antigen 
complex is involved in specific immune functions as molecules functionally and physically associated with the respective 

45 T-cell receptor. Under physiological conditions the mere binding of OKT3 to T-cells results in T-cell activation. When 
T-cells are activated in the presence of accessory cells, OKT3 Is highly mitogenic for T-cells from all donors, whereas 
for anti-T3 mAbs of the IgGi isotype, nonresponslveness caused by polymorphism in the accessory cell function has 
been described. Additionally, it has been reported that stimulation of human peripheral blood lymphocytes with OKT3 
induces the production of Immune mediators such as interferon (alpha-IFN) and interleukin-2 (IL-2) (Pang, R.H., Yip, 

so Y.K., Vilcek, J.: Cell Immunol. 64:304, (1981 ) and Welte, K.. Platzer E. Wang, C.Y., etal.i J. Immunol. 1 31 :2356. (1 983)). 
One of the earliest events after the binding of OKT3 to the T-cell membrane is the modulation of the T3 complex. T3 
modulation occurs under appropriate conditions in vitro as well as In vivo and this mechanism, among others, seems 
to be responsible for the "escape" of T-cells during in vivo therapy with OKT3. Also antigenic modulation seems to play 
a critical role in T-cell activation. 

55 In light of undesired effects of OKT3 described above, there was a need to create new mAbs having a specificity 

against mature lymphocytes and suitable for clinical application. Still another aspect and goal involves the coupling of 
such mAbs to cytotoxic agents (radioisotopes, toxins, enzymes, etc.) in order to Improve their effectiveness in mediating 
cytolysis. 
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Another goal involved the modtfication, via genetic manipulation, of the mAb in order to produce chimeric antibodies 
having mixed murine and human characteristics in order to improve their effectiveness and/or lower their immuno- 
genicity in patients. 

Chimeric antibodies offer an additional advantage over murine mAb with regards to immunogenicity in patients. A 
5 chimeric antibody would retain the affinity and specificity of the parental murine mAb and eliminate the patient immune 
response to the murine constant regions. A further refinement involves humanization of the variable regions. Only the 
complementarity determing regions and selected framework amino acids necessary for antigen binding are maintained 
murine. The remaining framework regions are converted to human sequences. The resulting mAb of the present in- 
vention is thus essentially a human antibody with a much lower immunogenicity in patients. 
10 According to the present invention there is provided a chimaeric antibody specific for an epitope on the human 

alpha/beta T-cell receptor (TCR) which is recognised by mAb BMA 031 , the antibody comprising: 

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in Table 
6A; and 

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in Table 
6B. We have made a useful mAb secreted by the hybridoma cell line designated as BMA 031 by immunizing mice 
with human peripheral blood T-lymphocytes separated by the E-rosette-technique (so called E+ -cells). The mAb 
secreted by BMA 031 (in the following likewise designated as BMA 031) is a murine monoclonal antibody of the 
lgG2b isotype with a specificity for the alpha- and beta-chain of the TCR/CD3 receptor complex. As compared to 

20 OKT3 or BMA 030 (both clustered as CD3-antibodies), GMA 031 only very weakly induces mediator release after 

binding to T-cells. It is highly effective in clinical application, e.g. kidney transplant for patients with increased 
immunological risk when given post or at the time of the transplantoperation. Since no major side effects were 
observed with GMA 031 even at doses of up to 50 mg/dose, it may be advantageously given at time of surgery 
(preferably via a first injection of 50 mg intravenously) followed by a second injection 48 hours after transplantation. 

25 Graft function was perfect in almost all cases. 

BMA 031 defines, therefore, a valuable epitope on the alpha-beta TCR distinct from the epitope on CD3 recognized 
by OKT3 or by other mAbs against mature T-lymphocytes. In order to completely characterize this mAb and also to 
permit, by recombinant DNA techniques, exchange of the variable region frameworks outside of the hypervariable 
30 regions and exchange of the human constant region in place of the endogenous murine constant region, the DNA 
coding for the heavy and light chains of BMA 031 was cloned and sequenced. 

The present inventors have recognised and defined the epitope on alpha/beta TCR. The present invention Is 
directed to chimaeric antibodies directed against this epitope, having the characteristics set out in claim 1 . 

Preferred embodiments of the chimaeric antibodies of the present invention are described in claims 2 to 5. 
35 ■ A further aspect of the invention concerns the use of these antibodies in clinical application before, during or after 
transplant surgery, in bone marrow transplantatbn, in treatment of cancer (direct treatment of leukemic cells and indirect 
treatment of all types of cancer by activatbn of T-cell populations) and for therapeutic applications in immunoregulation. 

The antibodies of the present invention are also useful in the detection of immunocompetent T-cells. 

Additional aspects will become apparent upon study of the detailed description set forth below, which Includes 
40 preferred embodiments of the present invention and whk;h also includes other data for information purposes. 

The description refers by way of example to the accompanying drawings, wherein: 

Figure 1 graphically depicts the construction scheme of the BMA 031 genomic library; 
45 Figure 2 describes the probes used to screen the library; 

Figure 3 graphically sets forth, in linear fashion, the human constant region expression vectors; 

Figures 4A, 4Band 4C show results of competitive immunofluorescence assays with BMA 031 Chimeric Antibodies. 

so 

Figures 5A and 5B show results of T-cell proliferation assays with BMA 031 Chimeric Antibodies. 

Figures 6A, 6B and 6C show results of ADCC assays with the BMA 031 Chimeric Antibodies. 

55 Figure 7 shows the results of competitive immunofluoresence assays with BMA-EUC1V3 antibody. 

As used herein, the term "epitope" refers to the staicture recognized by the monoclonal antibody BMA 031 (this 
antibody has been discussed in Transplantation Proceedings, Vol XX, No 2, SuppI 2: 1 03-1 09 (April 1 988) for example, 
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which explains that BMA 031 has stimulatory features different from those of several CD3 antibodies), and is generally 
thought to be independent of the remaining portion of the antigen on which the epitope is located. It is presently unknown 
exactly how the epitope is formed structurally but it is anticipated that it may be formed by either (i) a part of the amino 
acid sequence of the antigen molecule; (ii) the three-dimensional structure formed by non-contiguous amino acids 
5 within the same molecule; (iii) the three-dimensional structure formed by various molecules within an antigen complex; 
or (tv) some combination thereof. As used herein the term "monoclonal antibody (mAb)' means an antibody composition 
having a substantially homogeneous antibody population. It is not intended to be limited as regards to the source of 
the antibody or the manner in which it is made and in the most preferred embodiments is intended to include recombinant 
methods of manufacture. 

10 As used herein with respect to the exemplified BMA 031 antibody, the term "functional equivalent" means a mon- 

oclonal antibody that: (a) blocks the binding of BMA 031 and whose binding is blocked by bound BMA 031 ; (b) binds 
selectively to human T-cel!s having expressed the alpha/beta TCR but not having expressed TCR-gamma and/or delta- 
chains; (c) has one of the known isotypes; (d) binds to the same antigen as BMA 031 as determined by immunopre- 
cipitation, western blotting or other biochemical analyses; (e) binds to the same antigen as determined by cells trans- 

15 fected by gene(s) for the alpha/beta TCR or segments thereof. 

Example 1 . Immunization and cell fusion 

Three Balb/c mice (female; age: 6-8 weeks) were twice immunized intraperitonally with 1.5 x 10^ E+-cells each. 
20 Peripheral blood human T-lymphocytes were separated by the E -rosette-technique (rosette -formation with sheep red 
blood cells - E+-cells) and were derived from the peripheral blood of a healthy donor whose donated blood routinely 
tested HIV-negative for more than one year after having given the blood for immunization purposes. 

Three days after the last immunization, the spleens of all three mice were removed, a single cell suspension was 
prepared and the lymphocytes were fused with the murine myeloma cell P3X63-Ag8.653 ( ATCC # CRL 1 580) according 
25 to a standard fusion protocol. The myetoma cell P3X63-Ag8.653 is described as an immunoglobulin non-producer 
mutant derived from the original myeloma cell P3-X63-Ag8 (ATCC # TIB 9). 

After fusion, cells (1 x 10^ cells/well) were cultured in the presence of HAT-medium (Dulbecco's modified Eagle's 
medium + 10% FCS +0.1 mM hypoxanthine, 0.4 \iM aminopterin, 16 ip-M thymidine) to select for hybridoma cells. 

30 Example 2. Isolation and characterization of the hybridoma clone BMA 031 

Supematants of growing hybridoma cells (fusion number BW 242) were harvested routinely and tested for the 
presence of murine immunoglobulins in an ELISA test-system designed to measure murine IgG quantitatively. At the 
same time, the supematants were tested for antibodies with specificity for human lymphocyte cell surface antigens. 
35 Within this selection process, single cells were picked from the original well (BW 242/1177) and were cultured 

separately. In subsequent steps these cells were repeatedly cloned by micromanipulation under microscopic control 
(BW 242/412). During three cloning cycles 100% of growing clones produced monoclonal antibodies with identical 
binding specificity and identical behavior with respect to biochemical criteria. One clone was selected and designated 
as BMA 031 . 

40 Extensive analyses were carried out to define the specificity and the functional properties of the hybridoma ctone, 

BMA 031 . 

A master seed bank and a working cell bank were established starting with the hybridoma clone BMA 031 . The 
two cell banks underwent extensive examinations to assure absence of contamination with pathogens (mycoplasmatic, 
bacterial and viral infections). In addition, starling from the master seed bank, experiments were carried out which 
45 showed that even after the 50th culture passage detectable variatbns in antibody specificity were neither measurable 
nor could non-producer mutants be detected when analysed by single cell cloning and by calculating antibody produc- 
tion rates In bulk culture. 

Example 3. Specificity of BMA 031 

so 

Monoclonal antibodies directed to lymphocyte cell surface antigens are usually characterized by a binding assay 
To analyse the specificity of BMA 031 , cytofluorometric assay systems were used predominantly In particular, binding 
assays were carried out as described below. 

55 
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3.1 Analyses of the binding of BMA 031 with peripheral blood leukocytes 
Comparison of mAb reactivity with reference mAbs 

s Defined subpopulations of PBLs were labelled either with a reference mAb and/or with BMA 031 . If both mAbs 

have Identical specificity they will stain identical populations of cells. In these studies, the reference mAbs used were 
those which had been previously characterized in the Workshops for Human Leukocyte Diffe rent iat ran Antigens I., II. 
and III. (Paris, 1982; Boston, 1984; Oxford, 1986; Bernard, A.E.: Leukocyte Typing. Springer-Verlag (1984); Reinherz, 
E.LE.: Leukocyte Typing II. Springer-Verlag (1986); McMichael, A.J.E.: Leukocyte Typing III. Oxford University Press 

10 (1987). 

Expression of the antigen on different leukocyte subpopulations 

Peripheral blood leukocytes were analyzed on an Ortho Cytofluorograph 50Hy21 50 Computer-system modified for 
IS single-step analyses of whole blood. Cells were either directly labelled with BMA 031 -FITC and/or with reference mAbs 
or alternatively stained in a second step with isothiocyanate-fluoresceinated rabbit anti-mouse IgG (lg-F(ab')2-FITC). 
By using cytofluorometric assays, it was discovered that binding of BMA 031 was only detected on cells of the T-cell 
lineage which express the alpha/beta T-cell receptor. BMA 031 does not react with cells which express the gamma/ 
delta T-cell receptor. BMA 031 can therefore effectively be used to discriminate between alpha/beta-TCR+ and gamma/ 
20 delta-TCR+ cells. Presence or absence of distinct TCP chains reflect the status of T-cell differentiation during T-cell 
ontogeny 

In peripheral blood, molecules of the CD3-complex are predominantly expressed in association with the human 
alpha/beta-TCR (7). In healthy blood donors, the frequency of T-tymphocytes stained by BMA 031 is usually only 1-5% 
lower than that measured with CD3 mAbs (for normal frequencies of CD3+ cells see 1-3). As shown with cloned T- 

25 cells, this population of CD3+ BMA 031- cells express the gamma/delta TCR instead of the alpha/beta TCP. In path- 
ological situations, however, the frequency of CD3+ BMA 031 • T-cells can increase to 20% of the CD3+ cells in individual 
patients. On CD3+ BMA 031+ cells, binding of BMA 031 -FITC is blocked by OKT3 and vice versa in competitive im- 
munofluorescence assays. Nevertheless, by analyzing such data in more detail (comparison of fluorescence-histo- 
grams) and by blocking studies with anti-idiotypic antisera it can be clearly shown that BMA 031 recognizes a different 

30 epitope than all known CD3-mAbs. 

Example 4. Characterization of the functional properties of BMA 031 

BMA 031 is a murine monoclonal antibody of the lgG2b isotype. Due to the unique specificity and the Isotype of 
3S BMA 031, this antibody triggers a specific panern of biological functions. After binding to T-cells, BMA 031 does not 
induce T-cell proliferation comparable to CD3-mAbs of the lgG2a Isotype (e.g. BMA 030, OKT3) in a three day thymidine 
incorporation assay nor does it induce Ca2+ influx in resting T-tymphocytes . In contrast to CD3-mAbs such as BMA 
030 or OKT3. binding of BMA 031 to T-cells induces antigen modulation only weakly and triggers the release/production 
of cytokines to a very low extent. 

40 

Example 5. Preparation of DNA and RNA from BMA 031 

For preparation of genomic DNA, approximately 1x10^ cells were grown in T-flasks. DNA was prepared by lysis 
in SDS, digestion with proteinase K and RNAse A and sequential, gentle, phenol/chloroform extractions in high salt. 
45 Low density agarose gels indicated that the average length of the genomic DNA was greater than 50 kllobases (Kb); 
long length is important in creation of complete genomic clone libraries in lambda phage vectors. The yield was about 
10 mg of DNA. 

Approximately lO^ cells were also grown for RNA isolation. Cells were lysed and RNA extracted using guanidinium 
thiocyanate. RNA yield was about 10 mg and it appeared clean and undegraded on agarose gels. Poly A+ RNA was 
so prepared by binding total RNA to oligo dT cellulose. Yield was about 5%, i.e. about 500 M.g of poly A+ mRNA. 

Example 6. Sequencing BMA 031 heavy (H) and light (L) chains by primer extension of mRNA 

Because of the high abundance of specific mRNA, immunoglobulins can be sequenced by primer extension of 
ss total poly A+ mRNA. This is also facilitated by their common constant regions which allow synthesis of "universal" 
primers with which to begin the extension. Subsequent primers can be made as sequence information is gathered. 
"Universar H and L chain primers (Light chain "Universal" Primer: S'TGGATGGTGGGAAGATGS'; Heavy chain "Uni- 
versal" Primer: S'GGGGGCCAGTGGATAGAC^') were isotopically end labelled with polynucleotide kinase and hybrid- 
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ized individually to about 7 ^ig aliquots of BMA 031 poly A+ mRNA. The hybridized product was extended using avian 
reverse transcriptase in the presence of dideoxy nucleoside triphosphates. Reaction products were separated on gra- 
dient acrylamide gels and autoradiographed. About 200 nucleotides (NT) of sequence were read from the initial ex- 
tension. For both H and L chains, two additional primers were synthesized, each 17-18 NT in length, namely 



#149 (Light) ^'aGGGACTCCAGAAGCCA^' 
#180 (Light) S'cTGGAGATGCAACATG^' 
#.179 (Heavy) S'cTCCATGTAGGCTGTACT^' 
#178 (Heavy) 5'cCAGAAGCCTTGCAGGA^' 



15 The extension primers as described above generate complete, overlapping sequence (a total of about 440 NT for 

each gene) specifying the H and L chain variable (V) regions. 

The sequences obtained are listed in Table 1 A (Heavy) and IB (Light). Positions of the signal sequence, start of 
the mature protein, invariant cysteines, complementarity determining regions (CDR), joining region (J), and primers 
used in sequencing are indicated. These sequences were confirmed by DNA sequencing of isolated lambda clones 

20 (see Example 7 below). 

Example 7. Construction and Screening of a Genomic Clone library 

The general strategy of the library construction is depicted in Figure 1 and Table 2 Parts A and B. Total genomic 
25 DNA was partially digested with the restriction enzyme Sau 3A. DNA from the digest in the size range 10-20 Kb was 
isolated by preparative gel electrophoresis and binding to glass-impregnated paper. The resulting material was ligated 
with phage "arms' from the lambda vector EMBL-3 (ATCC #37266). Ligated material was packaged into phage particles 
(cloning efficiency 1 x 10© pfu/|ig genomic DNA). Recombinant clones were plated at a density of lO^/plate. Replica 
filter lifts were performed on each plate and the nitrocellulose filter discs were processed for hybridization. These disks 
30 were hybridized in duplicate to ^^p-iabelled fragment probes derived from the intron between V and C exons of H or L 
chain (these probes are "universal" Ig probes). Putative positive clones were confirmed and plaque-purified by up to 
four rounds of rescreening. Rescreening was carried out with radiolabelled, synthesized oligomers (17-33 NT) cor- 
responding to hypervariable regions known from Example 6. The approximate relative location of the fragments and 
oligomers used as probes for screening are indicated in Figure 2. 
35 After exhaustive screening of the library, multiple positive lambda clones were isolated containing BMA 031 H and 

L chain exons. As listed in Table 2, Part 0, of 14 H chain clones initially identified, 4 were true positives; of 27 L chain 
clones, 7 were real. The genomic sequence of the H and L chains as determined by both Sanger and Maxam-Gilbert 
sequencing, are listed in Tables 3A and 3B, respectively. 

40 Example 8. Vector construction for expression of chimeric BMA 031 

The H chain of chimeric BMA 031 was synthesized by a vector containing the human gamma 1 constant region 
or a second vector containing the gamma 4 constant region. For the L chain, the vector contained the human kappa 
constant exon. Each vector also contained an upstream cloning site for the respective BMA V gene, drug selectable 
45 markers, and signals necessary to allow replication in bacteria. Restriction maps of these vectors are shown In Figure 
3. The V exons of BMA 031 H and L chains were subcloned into the vectors described above. 

Example 9. Transfection of chimeric BMA 031 gene into myeloma cells for expression 

50 The chimeric constmcts described above were co-transfected into SP2/0 (ATCC #CRL 1 581 ), a non-immunoglob- 

ulin -producing murine hybridoma, by etectroporation. After a 48 hour expression period, the resultant cells or, trans- 
fectomas, were placed in media containing both mycophenolic acid (1 (ig/ml) and Geneticin (1 mg/ml) (Gibco). Growth 
of the transfectomas was apparent in about two weeks. The transfection efficiency in double selection was approxi- 
mately 1 x ^0'^. The proportion of drug-resistant clones secreting antibody was greater than 50% with the level of 

SB antibody secretion varying from about 1 |ag/ml to about 1 7 |ig/ml. 
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Example 10. Subcloning of Transfectomas 

The BMA 031 -G1 and BMA 031 -G4 cell lines were subcloned to eliminate genetic heterogeneity that may have 
arisen since the original transfection. The best subclone of each chimeric transfectoma was isolated and analyzed for 
5 antibody production. These final cell lines, BMA031 -G 1 -1 and Bf^A 031 -G4-1 , produced antibody at a rate of 7 pg/teW 
24 hours for IgGI and 5 pg/ceII/24 hours or lgG4. Saturated cultures accumulate antibody to 35 jig/ml for IgGI and 
15pg/ml forlgG4. 

Example 11 . Characterization of chimeric BMA 031 

10 

The antibodies, herein referred to as BMA 031 -G1 and BMA 031 •G4, secreted by BMA 031-G1-1 and BMA 
031-G4-1, respectively, were tested to ensure that they were indeed BMA 031 mouse-human chimeric antibodies. 
Analysis by a series of ELIS A assays showed that the antibodies contained human kappa and human gamma constant 
regions. Moreover, the antibodies did not react with antibodies directed against murine kappa or gamma constant 
15 regions. Isotyping reagents also confirmed that the chimeric antibodies were of the IgGI and lgG4 isotypes. 

The purified chimeric antibodies were also shown to be functionally active in an immobilized cell ELISA assay 
Both chimeric antibodies bound to PBL-ALL cells in a similar fashion as the original murine BMA 031 . Directly labelled 
chimeric antibodies BMA 031-G1-FITC, and BMA 031-G4-FITC, were used in cytofluorometric assays systems to 
compare the specificity of these antibodies with murine BMA 031 -FITC. A typical reactivity pattern of these antibodies 
20 with peripheral blood leukocytes Is shown in Table 4. In competitive immunofluorescence assays, preincubation of 
human lymphocytes with chimeric BMA 031 -G1 or BMA 031 -G4 blocked binding of murine BMA 031 -FITC and vice 
versa (See Figure 4A-4C). All these data indicate that the specificity of chimeric BMA 031 -G1 and BMA 031 -G4 is 
identical to murine BMA 031 . 

However, the functional properties of chimeric BMA 031 -antibodies clearly differ from murine BMA 031 or from 
25 CD3-mAbs such as BMA 030. It is well known that most CD3-mAbs (e.g. BMA 030) trigger T-cell proliferation even in 
low doses but have no mitogen ic effect when used in high concentrations (See Figures 5Aand 58). This effect is known 
as 'high dose inhibition". 

In contrast to murine BMA 031 , both chimeric BMA 031-mAbs are highly effective In triggering T-lymphocyte pro- 
liferation as measured in a 3 day or 6 day thymidine incorporation assay without showing any evidence of high dose 

30 inhibition effects even in much higher dose ranges. Two representative experiments are shown In Figures 5A and 5B. 
In such experiments, the height of responsiveness and the optimal concentration for stimulation with BMA 030 or other 
CD3-mAbs may differ from blood donor to blood donor due to individual differences of the immune status. 

As described above (Example 4), In contrast to CD3-mAbs, binding of murine BMA 031 to human T-tymphocytes 
usually results in the release of only low concentrations of immunomediators. Again, chimeric BMA 031 antibodies 

35 differ in this respect from murine BMA 031 as well as from BMA 030 (CD3). In Table 5, a representative experiment is 
shown, where release of immunomediators is measured by induction of HLA-Dr expression on COLO 205-ceIls. 

It is known from the literature that COLO 205 cells respond with an enhanced expression of HLA-DR antigens 
after incubation with recombinant immunomediators like gamma-lnterferon, Tumor Necrosis Factor or supernatants of 
activated T-cells which contain such factors. By comparing the enhancement of HLA-DR expression induced by su- 

'fo pernatants of activated T-cells with reference values generated by the use of recombinant factors such as gamma- 
lnterferon, the amount of immunomediators In culture supernatants can be determined. The data summarized in Table 
5 indicate that the kinetics and the amount of immunomediators released after binding of chimeric BMA 031 antibodies 
differ from the effects triggered by murine BMA 031 or the CD3-mAb BMA 030. 

Since the chimeric BMA 031 antibodies were able to interact efficiently with human Fc receptors in the T cell 

45 proliferation assays, there was a strong possibility that they would have high ADCC titers as well. To evaluate the 
ADCC capacity of these mAbs, they were compared to rabbit anti-GH-1 antiserum selected as the best out of eight 
rabbit anti-human T cell globulins in ADCC capacity. The data of a representative experiment is shown in Figures 6A- 
6C. Even at low effector:target cell ratios (Figure 6A) or extremely low antibody concentrations (Figure 6B, 6C), chimeric 
BMA 031 antibodies are highly potent in kilting HPB-ALL cells. In contrast, murine BMA 031 is very poor at ADCC. 

so Accordingly, if cytolysis Is an important criteria, BMA 031 can be advantageously used conjugated to a cytotoxic moiety 

Example 1 2. Production of 'civilized' BMA 031 Antibodies 
Determination of civilized BMA 031 amino acid sequence 

55 

In the past, 'humanization" has been associated with chimeric constructions in which murine V regtons are ex- 
pressed with hunnan C regions. To avoid confusion, the term 'civilized' Is used herein for constructions of 'humanized' 
V regions expressed with human C regrans. 
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To determine the optimal human sequence with wrfiich to civilize the murine BMA 031 antibody, the murine BMA 
031 amino acid sequence was used to search the NBRF data base for the most homologous human antibody. Since 
molecular models of antibodies show strong interactions between the heavy and light chains, it was decided to use 
the heavy and light chains from the same human antibody. The human EU antibody tumed out to be the best overall 

5 choice. The homology between the BMA 031 and EU FRs {#1 -3) was 66% for the H chain and 63% for the L chain. 
The BMA 031 antibody uses JH3 and Jk5. These are most homotogous to human JH4 and Jk4. A first generation 
civilized BMA 031 antibody would contain BMA 031 CDRs, EU FRs and homolgous human J regions. This antibody 
is referred to as BMA 031 -EUCIV1 (Table 6A and 6B). 

A refinement to this basic civilized version can advantageously be made in the sequence immediately before and 

10 after the CDRs. The CDRs are assigned based on sequence homology data (Kabat et al., 1 987). Molecular models of 
antibodies have shown that the actual CDR loops can contain amino acids up to 4 amino acids away from the "Kabat* 
CDRs. Therefore, maintaining at least the major amino acid differences (in size or charge) within 4 amino acids of the 
CDRs as murine may be beneflcla!. This antibody is referred to as BMA031-EUCIV2 (Table 6A and 6B). Additionally 
all differences within four amino acids of the CDRs could be maintained murine. This antibody has been designated 

IS asBMA031-EUCIV3. 

It will be readily recognized that further refinements can be made, but, without complex computer modelling, it is 
difficult to prioritize their importance. However, a simplified computer model was generated based on sequence ho- 
mology to other antibodies with solved structures. This model was used to judge proximity of framework amino acids 
to the CDRs. The results of this analysis are shown in Tables 7A and 7B. These results were used to address the 

20 refinements discussed below. For example, several amino acids are either BMA 031 specific or EU specific (ie. different 
from the consensus sequence within their subgroups). Since these amino acids presumably arose through somatic 
mutation to enhance their respective activities, it would seem logical to maintain the BMA 031 specific amino acids 
and change the EU specific amino acids to the human consensus. But this can have potential adverse consequences. 
Changing an amino acid in one chain may cause changes in the interactions with other amino acids of that chain as 

25 well as with amino acids in the other chain. Therefore, extreme caution must be exercised to limit the number of changes. 
Table 8 outlines these potential changes. 

As can be seen, EU differs from the human VH-I subgroup consensus sequence in six positions. Three are within 
4 amino acids of the CDRs (#70,95,98), and these are addressed in BMA-EUCIV3. In one position (#93) the human 
consensus sequence is the same as BMA 031 . One could rationalize changing this from EU back to BMA 031 , so this 

30 change was incorporated into BMA-EUCIV3. For the two remaining positions (#72,74), there is no human consensus. 
However, the computer model shows that they may be close to the CDRs so it was decided to use the BMA 031 amino 
acids in BMA-EUCIV4. The light chain had five EU specific amino acids. One is within 4 amino acids of the CDRs (#48) 
and is maintained as BMA 031 in BMA-EUCIV3. In two positions (#63,81) the human consensus is the same as BMA 
031 and therefore could be maintained as BMA 031. These changes were made in BMA-EUCIV4. The other two 

35 positions (#10,70) are open to debate. The computer model identified position #70 as being potentially important so 
this change was made in BMA-EUCIV4. Amino acid #10 was kept as EU. There are eight BMA 031 specific amino 
acids in the H chain. In two positions (#7,82) the BMA 031 sequence is the same as EU. Position #72 was addressed 
above. HiS94 is unique to BMA 031 and very close to CDR3; it was decided to incorporate this change into BMA- 
EUCI V3. Of the remaining four positions (#1 ,9,20,40), only #40 is close to the CDRs so this change was made in BMA- 

40 EUCIV4. The others were maintained EU. There are no BMA 031 specific amino acids in the L chain. The sequence 
is identical to the subgroup VI consensus. 

The final sequence of BMA-EUCIV4 was determined based on the preliminary computer model. For the heavy 
chain, two additional positions appear to be close to the CDRs, #77 and #87, and these were changed to the BMA 031 
amino acids. For the light chain, two positions (#21,60) appeared to be removed from the CDRs; we decided to use 

45 the EU amino acids in this variant. Five additional positions (#1 ,3,4,42,71 , 1 00) were judged to be close enough to the 
CDRs for interaction, so they were changed to the BMA 031 amino acids. 

Synthesis and expression of civilized BMA 031 antibodies 

50 The light and heavy chain variable region exons encoding the civilized antibodies were synthesized and replaced 

into the previously isolated genomic fragments of BMA 031 . These fragments were inserted into mammalian expression 
vectors containing the human kappa and gamma 1 constant region exons. The civilized genes were transfected into 
Sp2/0 hybridoma cells by electroporation and transfectomas secreting civilized BMA 031 were isolated. Secretion 
levels varied up to 7 pg/cell/24 hr. 

55 The BMA-EUCIV1 and BMA-EUCIV2 antibodies were unable to bind to T cells. In contrast, BMA-EUCIV3 bound 

specifically to T cells and competed effectively with both the murine BMA 031 antibody and the previously constructed 
chimeric BMA 031 -G1 antibody for binding to these cells (Figure 7). 
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Framework amino acids important for antiQen binding 

The T cell binding data with the civilized BMA 031 antibodies show the importance of framework amino acids in 
antigen binding. Inclusion of only the BMA 031 CDRs (BMA-EUCIV1) was not sufficient to maintain affinity for antigen. 
Twelve amino acid substitutions were made in the heavy chain V region to regain binding affinity 
{#27,28,30.38,48.67,68.70,93,94,95,98). Of these, six may be more important (#38.48,70,93,94,95) since they repre- 
sent changes from BMA-EUCIV2, which does not bind well, to BMA-EUCIV3, which does bind well. Similarty, for the 
light chain V region, five amino acid substitutions were made (#21 ,46,47,48,60). Of these, three (#21 ,47,48) were made 
from BMA-EUCIV2 to BMA-EUCIV3 and thus may be more important. 
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TABLE lA 

BMA-031 mRNA HEAVY CHAIN VARIABLE REGION SEQUENCE 



CACTACTCTAACATGGAATGGAGTTGGATATTTCTCTTTCTCCTGTCAGG 
MEWSWIFLFLLSG 
I Signal 

AACTGCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGC 
TAGVHSEVQLQQSGPEL 
Sequence 1 1 

Primer #178 

TGGTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATAT 
VKPGA SVKMSCKASGY 

22 

AAATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGG 
KFTSTVMHWVKQKPGQG 
I CDR 1 1 

CCTTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACA 
LEWIGYINPYNDVTKYN 
I CDR 2 



ATGAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGT 
EKFKGKATLTSDKSSS 



Primer #179__ 
ACAGCCTACATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCA 
TAYMELSSLTSEDSAVH 

TTACTGTGCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGG 
YCARGSYYDYDGFVYWG 
92 I DSP2.2 CDR 3 1 

GCCAAGGGACTCTGGTCACTGTCTCTGCAGCCAAAACAACACCC 

QGTLVTVSAAICTTP 

JH3 I Constant 

CH Primer 



. . ,GTCTATCCACTGGCCCC. . . 
Region 
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TABLE IB 

BHA 031 mRNA Light Chain Variable Region Sequence 



TTAGCTAGGGTCCAAAATTCAAAGACAAAATGGATTTTCAAGTGCAGATT 

M D P Q V Q I 
I Signal 

TTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATATCCAGAGGACAAAT 
FSFLLISASVIISRGQI 
Sequence 1 1 

Primer #180 

TGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGG 
VLTQSPAIMSASPGEKV 

TCACCATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTAC 
TMTCSATSSVSYMHVY 
23 1 CDR 1 1 

CAGCAGAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAA 
QQKSGTSPKRWIYDTSK 

I CDR 2 

Primer #149 

ACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCT 
LASGVPARFSGSGS6TS 



CTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTAT 
YSLTISSMEAEDAATY 

TACTGCCAGCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAA 
YCQQWSSNPLTFGAGTK 
88 1 CDR 3 1 JK5 

GCTGGAGCTGAAACGGGCTGATGCTGCACCAACTTG 

LELRRADAAPT 

I Constant 

. ^CL Primer 

.CATCTTCCCACCATCCA 

Region 
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TABLE 2 

Construction of BAM 031 Genomic Library 



Packaging Efficiency 
(phage/vg DNA) 

Y DNA 

Ligated arms alone 
Llgated arms + control insert 
Ligated arras + BMA 031 DNA 

Calculated for a Statistically Complete Library 

ln<l-P) N= number clones 

N = 

In (1 - P) P ° desired probability 

F = fractional proportion 
of genome in a single 
clone 

To achieve a 99% probability of having a particular DNA sequence 
represented in a library of 15 Kb fragments of a mammalian genome 
(3 X 10^ bp), the library must contain 9.2 x 10^ clones. 



3.6 X 108 
A.O X 10^ 
6.8 X 10^ 
1.5 X 10^ 



Screening of the BHA 031 Genomic Library 2 x 10^ Phage) 





Intron 


Probe 


V-region Probe 




Heavy 


Light 


Heavy 


Light 


Master 


14 


27 


N.D. 


N.D. 




12 


20 


N.D. 


N.D. 


30 


10 


19 


4 


7 




4 


7 


4 


7 
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TABLE 3A 

BMA 031 Heavy Chain Genomic Sequence 

5 



10 AAGCTTATCTGTAAATCAACATGCTAACATATCCCAGAATAGAGCAACAG 

+ + + + + 50 

TTCGAATAGACATTTAGTTGTACGATTGTATAGGGTCTTATCTCGTTGTC 



IS 



20 



25 



ACTAAGGCCAAATATCAACTGAGAGATTTGTCCCTGTAGTTACAACCATA 

+ + + + + 100 

TGATTCOMmATAGTTGACTCTCTAAACAGGGACATCAATGTTGGTAT 



TCAGCAGTTCAGGACTCATAGAAAGTGTATTGGATGCATTTCCTGAGAGA 

+ + + + ■»■ 150 

AGTCGTCAAGTCCTGAGTATCTTTCACATAACCTACGTAAAGGACTCTCT 



GGAATTGAATTTAGACmAACTTCCrrGATGCCTCACCTGTGTGTCTTlT 

+ + + + 200 

CCTTAACTTAAATCTGAAATTGAAGGACTACGGAGTGGACACACAGAAAA 



CAGTCCTTCCTCTCCAGTTOTCTCCAGCTGGACTAGGTTCTTATGTAAG 
GTCAGGAAGGA6AGGTCAAGAAGAGGTCGACCTGATCCAAGAATACATTC 



AAgXCCCCTGCTCATCATTATGCAAATTACCTGAGTCTATGGTGATTAAA 

3S + + + + 300 

TTCAGGGGACGAGTAGTAATACGTTTAATGGACTCAGATACCACTAATTT 



ACAGGGATGTCCACACCCTTTAAATCAACCGACGATCAGTGTCCTCTCCA 

40 ► + + + + 350 

TGTCCCTACAGGTGTGGGAAATTTAGTTGGCTGCTAGTCACAGGAGAGGT 



AAGTCCCTGAACACACTGACTCTAACCATGGAATGGAGTTGGATATTTCT 

+ + + + + 400 

TTCAGGGACrrGTGTGACTGAGATTGGTACCTTACCTCAACCTATAAAGA 

MEVSVIFL 
I Signal 



CTTTCrCCTGTCAGGAACTGCAGGTAAGGGGCTCACCAGTTCAAAATCTG 

+ ^ + + + 450 

GAAAGAGGACAGTCCTTGACXTrCCATTCCCCGAGTGGTCAAGTTTTAGAC 
F L L S G T A 
55 Sequence 
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70 



15 



AAGTGGAGACAGGACCTGAGGTGACAATGACATCTACTCTGACATTCTCT 
TTCACCTCTGTCCTGGACTCCACTGTTACTGTAGATGAGACTGTAAGAGA 



CCTCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTG 

+ + + + + 550 

GGAGTCCACAGGTGAGACTCCAGGTCGACGTCGTCAGACCTGGACTCGAC 

GVHSEVQLQQSGPEL 

1 1 



GTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATATAA 

+ + + + + 600 

CATTTCGGACCCCGAAGTCACTTCTACAGGACGTTCCGAAGACCTATATT 
VKPGASVKMSCKASGYK 



ATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGGCC 

20 + + + + + 650 

TAAGTGATCGATACAATACGTGACCCACTTCGTCTTCGGACCCGTCCCGG 
F T S Y V M H W V KQKPGQGL 
I CDR 1 1 

25 

TTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACAAT 

+ -I + + + 700 

AACTCACCTAACCTATATAATTAGGAATGTTACTACAATGATTCATGTTA 
EWIGIINPTN. DVTKYN 
20 I CDR 2 

GAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGTAC 

+ + + + + 750 

CTCTTCAAGmCCGTTCCGGTGTGACTGAAGTCTGTTTAGGAGGTCATG 
EKFKGKATLTSDKSSST 



AGCCTACATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCATT 

+ H h + + 800 

TCGGATGTACCTCGAGTCGTCGGACTGGAGACTCCTGAGACGCCAGGTAA 
ATMELSSLTSEDSAVHY 



''^ ACTGTGCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGGGC 

+ + + 1. + 850 

TGACACGTTCTCCCTCGATGATACTAATGCTGCCCAAACAAATGACCCCG 
CARGSYYD YDGFVYWG 
I CDR 3 1 

50 

CAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATT 

+ + + + + 900 

GTTCCCTGAGACCAGTGACAGAGACGTCCACTCAGGATTGAAGAGGGTAA 
55 QGTLVTVSA 

JH3 
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CTAMTGCATOTGC^GGATTCrrGAGCCTTCAGGACCAAGATTCTCTGC 
GATTTACGTACAACCCCCCTAAGACTCGGAAGTCCTGGTTCTAAGAGACG 



AAACGGGAATCAAGATTCAACCCCTTTGTCCCAAAGTTGAGACATGGGTC 

^ + + + + 1000 

TTTGCCCTTAGTTCTAAGTTGGGGAAACAGGGTTTCAACTCTGTACCCAG 



TGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGAAG 

+ + + + + 1050 

ACCCAGTCCCTGAGAGACGGACGACCAGACACCACTGTAATCTTGACTTC 



TATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCT 
ATACrTACTTCCTAGACGGTCTTGACTTCGAACTTCAGACTCCGTCTTAGA 



TGTCCAGGGTCTATCGGACTCTTGTGAGAATTAGGGGCTGACAGTTGATG 
ACAGGTCCCAGATAGCCTGAGAACACTCTTAATCCCCGACTGTCAACTAC 



GTGACAATTTCAGGGTCAGTGACTGTCAGGTTTCTCTGAGGTGAGGCTGG 

+ + + ^, : ^ 1200 

CACTGTTAAAGTCCCAGTCACTGACAGTCCAAAGAGACTCCACTCCGACC 



AATATAGGTCACOTGAAGACTAAAGAGGGGTCCAGGGGCrrTTCTGCAC 

+ + + H + 1250 

TTATATCCAGTGGAACTTCTGATTTCTCCCCAGGTCCCCGAAAAGACGTG 



AGGCAGGGAACAGAATGTGGAACAATGACTTGAATGGTTGATTCTTGTGT 
TCCGTCCCrrGTCTTACACCTTGTTACTGAACTTACCAACTAAGAACACA 



GACACCAAGAATTGGCATAATGTCTGAGTTGCCCAAGGGTGATCTTAGCT 

+ + + + + 1350 

CTGTGGTTCTTAACCGTATTACAGACTCAACGGGTTCCCACTAGAATCGA 



AGACT(nm;GTTTTTGTCGGGTACAGAGGAAAAACCCACTATTGTGATT 
TCTGAGACCCCAAAAACAGCCCATGTCTCCTTTTTGGGTGATAACACTAA 



ACTATGCTATGGACTACTGGGGTCAAG6AACCTCAGTCACCGTCTCCTCA 

+ + + +_ + 1450 

TGATACGATACCTGATGACCCCAGTTCCTTGGAGTCAGTGGCAGAGGAGT 
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GGTMGAATGGCCTCTCCAGGTCTTTATTmMCCTTTGTTATGGAGTT 

+ + + + + 1500 

CCATTCTTACCGGAGAGGTCCAGAAATAAAAATTGGAAACAATACCTCAA 

TTCTGAGCATTGCAGACTAATCTTGGATATTTGCCCTGAGGGAGCCGGCT 

+ + + + + 1550 

AAGACTCGTAACGTCTGATTAGAACCTATAAACGGGACTCCCTCGGCCGA 



GAGAGAAGTTGGGAAATAAATCTGTCTAGGGATCTCAGAGCCTTTAGGAC 

+ + + + + 1600 

CTCTCTTCAACCCTTTATTTAGACAGATCCCTAGAGTCTCGGAAATCCTG 



AGATTATCTCCACATCTTTGAAAAACTAAGAATCTGTGTGATGGTGTTGG 

: + + + + + 1650 

TCTAATAGAGGTGTAGAAACriTmGAnCTTAGACACACTACCACAACC 



TGGAGTCCCTGGATGATGGGATAGGGACTTTGGAGGCTCATTTGAGGGAG 

+ + + + + 

ACCTCAGGGACCTACTACCCTATCCCTGAAACCTCCGAGTAAACTCCCTC 



ATGCTAAAACAATCCTATGGCTGGAGGGATAGTTGGGGCTGTAGTTGGAG 

+ +— + + + 1750 

TACGATTTTGTTAGGATACCGACCTCCCTATCAACCCCGACATCAACCTC 



ATTTTCAGTTrTTAGAATGAAGTATTAGCTGCAATACTTCAAGGACCACC 

+ + +: + + 

TAAAAGTCAAAAATCTTACTTCATAATCGACGTTATGAAGTTCCTGGTGG 



TCTGTGACAACCATTTTATACAGTATCCAGGCATAGGGACAAAAAGTGGA 

+ + +_ + + 1850 

AGACACTGTTGGTAAAATATGTCATAGGTCCGTATCCCTGTTTTTCACCT 



GTGGGGCACTTTCTTTAGATTTGTGAGGAATGTTCCACACTAGATTGTTT 

+ + + + + 1900 

CACCCCGTGAAAGAAATCTAAACACTCCTTACAAGGTGTGATCTAACAAA 



AAAACTTCATTTGTTGGAAGGAGCTGTCTTAGTGATTGAGTCAAGGGAGA 

+ + + + + 1950 

TmGAAGTAAACAACCTTCCTCGACAGAATCACTAACTCAGTTCCCTCT 



AAGGCATCTAGCCTCGGTCTCAAAAGGGTAGTTGCTGTCTAGAGAGGTCT 

+ + + +- + 2000 

TTCCGTAGATCGGAGCCAGAGTTTTCCCATCAACGACAGATCTCTCCAGA 
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GGTGGAGCCTGCAAAAGTCCAGCTTTCAAAGGAACACAGAAGTATGTGTA 

+ + + + + 2050 

CCACCrrCGGAaSTTTTCAGGTCGAAAGTTTCCTTGTGTCTTCATACACA^ 

TGGAATATTAGAAGATGTTGCITnACTCrrAAGTTGGTTCCTAGGAAAA 

+ + + + — — + 2100 

ACCTTATAATCTTCTACAACGAAAATGAGAATTCAACCAAGGATCCrrTT 



ATAGTTAAATACTGTGACTTTAAAATGTGAGAGGGTTTTCAAGTACTCAT 

+ - + + + + 2150 

TATCAATTTATGACACTGAAATTTTACACTCTCCCAAAAGTTCATGAGTA 



TTTTTTAAATGTCCAAAATTTTTGTCAATCAATTTGAGGTCTTGTTTGTG 

+ + + + + 2200 

AAAAAAmACAGGTTTTAAAAACAGTTAGTTAAACTCCAGAACAAACAC 



TAGAACTGACATTACTTAAAGTTTAACCGAGGAATGGGAGTGAGGCTCTC 

+ + + + + 2250 

ATCTTGACTGTAATGAATTTCAAATTGGCTCCTTACCCTCACTCCGAGAG 

TCATACCmTTCAGAACTGACTTTTAACAATAATAAATTAAGTTTAAAA 

+ + + + + 2300 

AGTATGGGATAAGTCTTGACTGAAAATTGTTATTATTTAATTCAAATTTT 



TATTTTTAAATGAATTGAGCAATGTTGAGTTGAGTCAAGATGGCCGATCA 

+ + + + + 2350 

ATAAAAATTTACTTAACTCGTTACAACTCAACTCAGTTCTACCGGCTAGT 



GAACCGGAACACCTGCAGCAGCTGGCAGGAAGCAGGTCATGTGGCAAGGC 

+ + + + + 2400 

CrrrGGCCTTGTGGACGTCGTCGACCGTCCTTCGTCCAGTACACCGTTCCG 

TATTTGGGGAAGGGAAAATAAAACCACTAGGTAAACTTGTAGCTGTGGTT 

+ + + + + 2450 

ATAAACCCCTTCCCTmATTTTGGTGATCCATTTGAACATCGACACCAA 



TGAAGAAGTGGTTTTGAAACACTCTGTCCAGCCCCACCAAACCGAAAGTC 

+ + + + + 2500 

ACTTCTTCACCAAAACTTTGTGAGACAGGTCGGGGTGGTTTGGCTTTCAG 



CAGGCTGAGCAAAACACCACCTGGGTAATTTGCATTTCTAAAATAAGTTG 

+ + + + + 2550 

GTCCGACTCGTmGTGGTGGACCCATTAAACGTAAAGATTTTATTCAAC 
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AGGATTCAGCCGAMCTGGAGAGGTCCrrCTTTTAACTTATTGAGTTCAAC 

4. + + + + 

TCCTAAGTCGGCTTTGACCTCTCCAGGAGAAAATTGAATAACTCAAGTTG 



CrmAATTTTAGOTGAGTAGTTmGTTTCCCCAAACTTAAGTTTATC 

+ — - — + + + + 

GAAAATTAAAATCGAACTCATCAAGATCAAAGGGGTTTGAATTCAAATAG 



GACTTCTAAAATGTATTTAGAATTC 

+ + 2675 

CTGAAGATTTTACATAAATCTTAAG 
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TABLE 3B 

BMA 031 Light Chain Genomic Sequence 



10 AAAGTATTATTTGAAATGGCTCTCGAAATCTCTCAAGGTAATAAATCGAA 

+ + + + + 50 

TTTCATAATAAACmACCGAGAGCmAGAGAGTTCCATTATTTAGCTT 



15 CATGAATTACACAGTTTCAGGGCACATGAAATACTGAGAATGGAGATTGT 

+ + + 4. + 100 

GTACTTAATGTGTCAAAGTCCCGTGTACTTTATGACTCTTACCTCTAACA 



20 TCAGAGTAGTTTTAGATGAGTGCATCTTCATGAATCTCCAGCCCATATTC 
AGTCTCATCAAAATCTACTCACGTAGAAGTACTTAGAGGTCGGGTATAAG 



25 TCCCATGTGTTTATAAGCCAAGAACTGACTAGACTGTATCTTGCTATTTG 

+ + + + + 200 

AGGGTACACAAATATTCGGTTCTTGACTGATCTGACATAGAACGATAAAC 



30 



35 



CATATTACATTTTCAGTAACCACAAATATCTCTCAGTTGGTTTAAAGCAA 

+ + + + + 250 

GTATAATGTAAAAGTCATTGGTGTTTATAGAGAGTCAACCAAATTTCGTT 



AGTACTTATGAGAATAGCAGTAATTAGCTAGGGACCAAAATTCAAAGACA 

^ + + + + 300 

TCATGAATACTCTTATCGTCATTAATCGATCCCTGGTTTTAAGTTTCTGT 



40 



45 



SO 



AAATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCA 

+: + -+ + + 350 

TTTACCTAAAAGTTCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGT 
MDFQVQIFSFLLISAS 
I Signal Sequence 

GGTAACAGAGGGCAGGGAATTTGAGATCAGAATACAACCAAAATTATTTT 

+ + + + + 400 

CCATTGTCTCCCGTCCCTTAAACTCTAGTCTTATGTTGGTTTTAATAAAA 



CCCTGGGGAATTTGTGTCCAAAATACAGrmTrCTTTri'CXTTTATCTA 

+ + + + + 450 

5£ GGGACCCCTTAAACACAGGTTTrATGTCAAAAAAGAAAAAGAAAATAGAT 
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10 



25 



30 



35 



40 



45 



MTGTTGGGTGGTATAAAATTATTTTTTATCTCTATTTCTACTAATCCCT 
TTACAACCCACCATATTTTAATAAAAAATAGAGATAAAGATGATTAGGGA 



CTCrCTTTTTTGCTTTTTTCTAGTCATAATATCCAGAGGACAAATTGTTC 

+ + + + + 550 

GA6AGAAAAAACGAAAAAAGATCAGTATTATAGGTCTCCTGTTTAACAAG 

VIISRGQIVL 



TCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGGTCACC 

15 + + + + + 600 

AGTGGGTCAGAGGTCGTTAGTACAGACGTAGAGGTCCCCTCTTCCAGTGG 
TQSPAIMSASPGEKVT 

20 ATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTACCAGCA 

+ + + + + 650 

TACTGGACGTCACGGTGGAGTTCACATTCAATGTACGTGACCATGGTCGT 
MTCSATSSVSYMHVYQQ 
I CDR 1 1 



GAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAAACTGG 

+ + + + + 700 

CTTCAGTCCGTGGAGGGGGTTTTCTACCTAAATACTGTGTAGGTTTGACC 
KSGTSPKRWIYDTSKLA 

I CDR 2 



CTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTAC 

+ + + + + 750 

GAAGACCTCAGGGACGAGCGAAGTCACCGTCACCCAGACCCTGGAGAATG 
SGVPARFSG SGSGTSY 



TCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATTACTG 

+ 4 + + + 800 

AGAGAGTGTTAGTCGTCGTACCTCCGACTTCTACGACGGTGAATAATGAC 
SLTISSMEABDAATYYC 



CCAGCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAAGCTGG 

+ + + + + 850 

GGTCGTCACCTCATCATTGGGCGAGTGCAAGCCACGACCCTGGTTCGACC 
QQWSSNPLTFGAGTKLE 
50 I CDR 3 1 JK5 

AGCTGAAACXrrAAGTACACTTTTCTCATCnT'mTATGTGTAAGACACA 

55 TCGACTTTGCATTCATGTGAAAAGAGTAGAAAAAAATACACATTCTGTGT 

L R 
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GGTmCATGTTAGGAGTTAAAGTCAGTTCAGAAAATCTTGAGAAAATGG 

+ + + + + 950 

CCAAAAGTACAATCCTCAATnCAGTCAAGTCrmAGAACTCTTTTACC 



AGAGGGCTCATTATCAGTOACGTGGCATACAGTGTCAGATTTTCTGTTT 

+ + + + + 1000 

TCTCCCGAGTAATAGTCAACTGCACCGTATGTCACAGTCTAAAAGACAAA 



ATCAAGCTAGTGAGATTAGGGGCAAAAAGAGGCTTTAGTTGAGAGGAAAG 

+ + + + + 1050 

TAGTTCGATCACrCTAATCCCCGTTTTTCTCCGAAATCAACrrCTCCTTrC 



TAATTAATACTATGGTCACCATCCAAGAGATTGGATCGGAGAATAAGCAT 

+ + + + + 1100 

ATTAATTATGATACCAGTGGTAGGTTCTCTAACCTAGCCTCTTATTCGTA 



GAGTAGTTATTGAGATCTGGGTCTGACTGCAGGTAGCGTGGTCTTCTAGA 

+ + + + + 1150 

CTCATCAATAACTCTAGACCCAGACTGACGTCCATCGCACCAGAAGATCT 



CGTTTAAGTGGGAGATTTGGAGGGGATGAGGAATGAAGGAACTTCAGGAT 

+ + + -^--^ + 1200 

GCAAATTCACCCTCTAAACCTCCCCTACTCCTTACTTCCTTGAAGTCCTA 



AGAAAAGGGCTGAAGTCAAGTTCAGCTCCTAAAATGGATGTGGGAGCAAA 

+ + + + + 1250 

TCTTTTCCCGACTTCAGTTCAAGTCGAGGATTTTACCTACACCCTCGTTT 



CTTTGAAGATAAACTGAATGACCCAGAGGATGAAACAGCGCAGATCAAAG 

+ + + + + 1300 

GAAACITCTATTTGACTrACTGGGTCrrCCTACriTrGTCGCGTCTA 



AGGGGCCTAGAGCTCTGAGAAGAGAAGGAGACTCATCCGTGTTGAGTTTC 

+ +; + + + 1350 

TCCCCGGATCTCGAGACTCTTCTCTTCCTCTGAGTAGGCACAACTCAAAG 



CACAAGTACrGTCTTGAGTTTTGCAATAAAAGTGGGATAGCAGAGTTGAG 

+ + + + + lAOO 

GTGTTCATGACAGAACrCAAAACGTTArrTTCACCCTATCGTCTCAACTC 



TGTNAGCCGTAGRSTAVRYTCTCTTTTGTCTCCTAAGATTTTTATGACTA 

+ + + + + 1450 

ACANTCGGCATCYSATVYRAGAGAAAACAGAGGATTCrAAAAATACTGAT 
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CAAAAATCAGTACrrATCn'CCTGAAATAATCATTAAGCTGTTTGAAAGTAT 

+ + + + + 1500 

GTTTTTAGTCATCATACAGGACTTTATTAGTAATTCGACAAACrrrrCATA 



GACTGCTTGCCATGTAGATACCATGGCTTGCTGAATRATCAGAAGAGGTG 

+ + — + + + 1550 

CTGACGAACGGTACATCTATGGTACCGAACGACTTAYTAGTCTTCTCCAC 



TGRCTCrrATTCTAAAATTTGTCACAAAATGTCAAAATGAGAGACTCTGT 

+ + + + + 1600 

ACYGAGAATAAGATTTTAAACAGTGTTTTACAGTTTTACTCTCTGAGACA 



AGGRACGAGTCCCTTGACAGACAGCTSMAAGGGGTTTTTTTCCTTTGTCT 

+ + > + + 1650 

TCCYTGCTCAGGGAACTGTCTGTCGASKTTCCCCAAAAAAAGGAAACAGA 



CATTTCTACATGAAAGTAAATTTGAAATGATC^r^TTTTTATTATAAGAGT 

+ + + + + 1700 

GTAAAGATGTACTTrCAmAAACTTTACTAGHAAAAAATAATATTCTCA 



AGAAATACAGTTGGGTTTGAACTATATGTTTTAATNGGCCNCACGGTTTT 

+ + + + + 1750 

TCTTTATGTCAACCCAAACTTGATATACAAAATTANCCGGNGTGCCAAAA 



GTAAGACATTTGGTCCTTTGTTTTCCCAGTTAmCTCGATTGTAATTTT 

+ + + + + 1800 

CATTCTGTAAACCAGGAAACAAAAGGGTCAATAATGAGCTAACATTAAAA 



ATATCGCCAGCAATGGVCTGAAACGGTCNNNNNCGCAACCTCTTCGTTTA 

+ + + + f 1850 

TATAGCGGTCGTTACCVGACTTTGCCAGNNNNNGCGTTGGAGAAGCAAAT 



CTAACTGGGT6ACCTYGCGGCTGTGCCAGCCATTTGGCGTTCACCCTGCC 

+ + + + + 1900 

GATTGACCCACTGGARCGCCGACACGGTCGGTAAACCGCAAGTGGGACGG 



GCTAAGGGCCNATGWGAACCCCCGCGGTAGCATCCCTTGCTCCGCGTGGA 

+ + + + + 1950 

CGATTCCCGGNTACWCTTGGGGGCGCCATCGTAGGGAACGAGGCGCACCT 



CCACTTTCCTGAGGACACAGTGATAGGAACAGAGCCACTAATCTGAAGAG 

+ + + + + 2000 

GGTGAAAGGACrrCCTGTGTCACTATCCTTGTCrCGGTGATTAGACTTCTC 
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AACAGAGATGTGACAGACTACACTAATGTGAGAAAAACAAGGAAAGGGTG 

+ + + + + 2050 

TTGTCTCTACACTGTCTGATGTGATTACACTCrTTTTGTTCCrTTCCCAC 



ACnTATTGGAGAmCAGAAATAAAATGCATnATTATTATATTCCCTTA 

+ + : + + + 2100 

TGAATAACCTCTAAAGTCTTTATTTTACGTAAATAATAATATAAGGGAAT 



TmAATmCTAmGGGAATTAGAAAGGGCATAAACTGCTTTATCCAG 

K + + + + 2150 

AAAATTAAAAGATAATCCCTTAATCTTTCCCGTATTTGACGAAATAGGTC 



TGTTATATTAAAAGCTTAA 

+ 2169 

ACAATATAATTTTCGAATT 



TABLE 4 



Reactivity Pattern of Chimeric-BMA 031 Antibodies Immunofluorescence Assay with Directly Labelled Antibodies 


Cells Labelled with 


Lymphocytes 


Monocytes 


Granulocytes 


Erythrocytes 


Medium 


2±2a 


5±1 


3±2 


1 ±1 


BMA 931 


69±8 


6±3b 


2±3b 


1 ±1 


BMA 031 -G1 


69 ±9 


6 + 2" 


2±3b 


1 ±1 


BMA 031 -G4 


69±8 


5±3'> 


2±3b 


1 ±1 



': mean values of 3 blood donors 
unspectfic binding by Fc-receptors was blodted 



TABLE 5 



T-cell Activation by Chimeric BMA 031 Antibodies Induction of y-lnterferon Release 


T-cell activation with 


T-cell supernatant 


difi 


d2 


d3 


medium 






<1 


<1 


PHA 




7 


28 


>100 




(ng/ml) 








BMA 030 


500 


1 


7 


76 


(CD 3) 


50 


10 


28 


>100 




5 


65 


30 


>100 




0.5 


3 


29 


>100 


BMA 031 


500 


<1 


2 


76 




50 


<1 


1 


2 




5 


<1 


<1 


<1 



a: T-cell supernatant was harvested at day 1 after T-cell activation 

b: Y - Interferon (ng/mt) measured by HIA-Dr induction on Colo 205-ceIl3 
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TABLES (continued) 



T-cell Activation by Chinneric BMA 031 Antibodies Induction of y-lnterferon Release 


T-cgII activation with 


T-cell supernatant 


dia 


d2 


d3 




0,5 


V 1 






BMA 031 -G1 


500 


2 


5 


>100 




50 


4 


28 


>100 




5 


2 


6 


>100 




0,5 


<1 


<1 


58 


BMA031-G4 


500 


6 


28 


>100 




50 


5 


70 


>100 




5 


3 


28 


>100 




0.5 


<1 


<1 


<1 



a: T-cell supernatant was harvested at day 1 after T-cell activation 
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TABLE 6A 

Amino Acid Sequences of Civilized BMA 031 VH Regions 



1 

EU QVQLVQSGAE VKKPGSSVKV 

BHA EVQLQQSGPE LVKPGASVKM 

CIV-1 QVQLVQSGAE VKKPGSSVKV 

CIV-2 QVQLVQSGAE VKKPGSSVKV 

CIV-3 QVQLVQSGAE VKKPGSSVKV 

CIV-4 QVQLVQSGAE VKKPGSSVKV 



51 

EU IVPMFGPPNY AQKFQGRVTI 
BMA INPYNDVTKY NEKFKGKATL 
CIV-1 INPYNDVTKY NEKFKGRVTI 
CIV-2 INPYNDVTKY NEKFKGRATI 
CIV-3 INPYNDVTKY NEKFKGKATL 
CIV-4 INPYNDVTKY NEKFKGKATL 
CDR-2 -/ 

101 120 
EU YGIYSPEEY. .NGGLVTVSS 
BMA YYDYDGFVYW GQGTLVTVSA 
CIV-1 YYDYDGFVYW GQGTLVTVSS 
CIV-2 YYDYDGFVYW GQGTLVTVSS 
CIV-3 YYDYDGFVYW GQGTLVTVSS 
CIV-4 YYDYDGFVYW GQGTLVTVSS 
.CDR-3— / 



50 

SCKASGGTFS RSAIIWVRQA PGQGLEWMGG 
SCKASGYKFT SYVMHVVKQK PGQGLEWIGY 
SCKASGGTFS SYVMHWVRQA PGQGLEWMGY 
SCKASGYKFT SYVMHWVRQA PGQGLEWMGY 
SCKASGYKFT SYVMHWVRQA PGQGLEWIGY 
SCKASGYKFT SYVMHWVKQK PGQGLEWIGY 
ICDRl/ \ 

100 

TADESTNTAY MELSSLRSED TAFYFCAGG. 
TSDKSSSTAY MELSSLTSED SAVHYCARGS 
TADESTNTAY MELSSLRSED TAFYFCAGGS 
TADESTNTAY MELSSLRSED TAFYFCARGS 
TADESTNTAY MELSSLRSED TAVHYCARGS 
TSDKSTSTAY MELSSLTSED TAVHYCARGS 

\- 
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TABLE 6B 

Amino Acid Sequences of Civilized BMA 031 VL Regions 



EU 


1 

DIQMTQSPST 


LSASVGDRVT 


BHA 


OIVLTOSPAI 


MSASPGEKVT 


CIV-1 


DIQMTQSPST 


LSASVGDRVT 


CIV-2 


DIQMTQSPST 


LSASVGDRVT 


CIV-3 


DIQMTQSPST 


LSASVGDRVT 


CIV-4 


QIVLTQSPST 


LSASVGDRVT 




51 




EU 


ASSLESGVPS 


RFIGSGSGTE 


BMA 


TSKLASGVPA 


RFSGSGSGTS 


CIV-1 


TSKLASGVPS 


RFIGSGSGTE 


CIV-2 


TSKLASGVPA 


RFIGSGSGTE 


CIV-3 


TSKLASGVPA 


RFIGSGSGTE 


CIV-4 


TSKLASGVPS 


RFSGSGSGTS 




CDR-2/ 






101 




EU 


GTKVEVK 




BMA 


GTKLELK 




CIV-1 


GTKVEIK 




CIV-2 


GTKVEIK 




CIV-3 


GTKVEIK 




CIV-A 


GTKVEIK 





50 

ITCRASQSIN TWUUYQQKP GKAPKLLMYK 
MTCSATSSV, SYMHVYQQKS GTSPKRWIYD 
ITCSATSSV. SYMHVYOQKP GKAPKLLMYD 
ITCSATSSV. SYMHVYOQKP GKAPKRLMYD 
MTCSATSSV. SYMHWYQQKP GKAPKRWIYD 
ITCSATSSV. SYMHWYQQKP GTAPKRWIYD 
\— CDR-1 / \ 

100 

FTLTISSLQP DDFATYYCQQ YNSDSKMFGQ 
YSLTISSMEA EDAATYYCQQ WSSNPLTFGA 
FTLTISSLQP DDFATYYCQQ WSSNPLTFGG 
FTLTISSLQP DDFATYYCQQ VSSNPLTFGG 
FTLTISSLQP DDFATYYCQQ VSSNPLTFGG 
YTLTISSLQP EDFATYYCQQ WSSNPLTFGA 
\»_CDR-3-/ 
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TABLE 7A 

Comparison of BMA-EUCIVHl and BMA-031 by Computer Modelling 



10 30 50 

BHA-031 EVQLQQSGPELVKPGASVKMSCKASGYKFTSYVHHWKQKPGQGLEWIGY 

1)1 III I III III null I lltllll i 1111)11 I) 
BMA-EUCIVHl QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYVMHWRQAPGQGLEWMGY 

\CDR/ \ 
1 

70 90 

INPYNDVTKyNEKFKGKATLTSDRSSSTAYHELSSLTSEDSAVHYCARGS 

lllllllltillllll I I I I lllllllll ill I li II 
INPYNDVTKYNEKFKGRVTITADESTNTAYMELSSLRSEDTAFYFCAGGS 

CDR-2 / 

110 

YYDTDGFVYWGQGTLVTVSA 

lllllllllllllllill) 

YYDYDGFVYWGQGTLVTVSS 
-CDR-3~/ 



Amino Acid 


HU 


BHA 


Proximlr 


Difference 


Amino Acid 


Amino Acid 


to CDRs 


1 


Gin 


Glu 


+/- 


5 


Val 


Gin 




9 


Ala 


Pro 




11 


Val 


Leu 




12 


Lys 


Val 




16 


Ser 


Ala 




20 


Val 


Met 


+/-. 


27 


Gly 


Tyr 


+++ 


28 


Thr 


Lys 


+++ 


30 


Ser 


Thr 


+ 


38 


Arg 


Lys 


+ 


40 


Ala 


Lys 


+++ 


48 


Met 


He 


+ 


67 


Arg 


Lys 




68 


Val 


Ala 


+ 


70 


He 


Leu 


+ 


72 


Ala 


Ser 


+++ 


74 


Glu 


Lys 


+++ 


76 


Thr 


Ser 




77 


Asn 


Ser 


4- 


87 


Arg 


Thr 


+++ 


91 


Thr 


Ser 




93 


Fhe 


Val 


+/- 


94 


Tyr 


His 


+++ 


95 


Phe 


Tyr 


+ /- 


98 


GLy 


Arg 


+/- 


120 


Ser 


Ala 
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TABLE 7B 

Comparison of BHA-BUCIVLl and BMA-031 by Computer Modelling 



10 30 50 

« • • * * 

BMA-031 OIVLTQSPAIMSASPGEKVTMTCSATSSV. SYMHtfYQQKSGTSPKRWITD 

I MM III I lllilllllllllllllllll I II II 

BMA-BUCIVLl DIQMTQSPSTLSASVGDRVTITCSATSSV . SYMHWYQQRPGKAPKLLMYD 

\— CDR-1— / \ 

70 90 
TSKLASGVPARFSGSGSGTSYSLTISSMBAEDAATYYCQQWSSNPLTFGA 

tiiiiiiii II iiiiti mil I iiiiiiititiiiiii 

TSKLASGVPSRFIGSGSGTEFTLTISSLQPDDFATYYCQQWSSNPLTFGG 
-CDR2/ \-CDR-3-/ 

107 

* 

GTKLEUC 

III I I 
GTKVEIK 



Amino Acid 


EU 


Difference 


Amino Acid 


1 


Asp 


3 


Gin 


4 


Met 


9 


Ser 


10 


Thr 


11 


Leu 


15 


Val 


17 


Asp 


18 


. Arg 


21 


He 


40 


Pro 


42 


Lys 


43 


Ala 


46 


Leu 


47 


Leu 


48 


Met 


60 


Ser 


63 


He 


70 


Glu 


71 


Phe 


72 


Thr 


78 


Leu 


79 


Gin 


80 


Pro 


81 


Asp 


83 


Phe 


100 


Gly 



BMA Proximity 
Amino Acid to CDRs 



Gin 


+++ 


Val ■ 


+++ 


Leu 


+++ 


Ala 




He 




Met 




Pro 




Glu 




Lys 




Met 




Ser 




Thr 


+ 


Ser 


+/- 


Arg 


+++ 


Trp 


+++ 


He 


+ 


Ala . 


+/- 


Ser 


+/- 


Ser 


+ 


Tyr 


+++ 


Ser 


+/- 


Met 




Glu 




Ala 




Glu 


+/- 


Ala 




Ala 


+++ 
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TABLE 8 



Amino Acid Differences Between BMA031 and EU and Their Consensus Sequences 


Amino Acid 


EU 


Human 


BMA031 


Mouse 


Position 


A.A. 


A, A. 


A. A. 


A. A. 


Heavy Chain, EU Specific: 


70 


lie 


+ 


Leu 


Leu 


72 


Ala 


+ 


Ser 


Val 


74 


Glu 


+ 


Lys 


Lys 


93 


Phe 


Val 


Val 


Val 


95 


Phe 


Tyr 


Tyr 


Tyr 


9B 


Gly 


Arg 


Arg 


Arg 


Light Chain, EU Specific: 


10 


Thr 


Ser 


lie 


lie 


48 


MeX 


Me 


He 


lie 


63 


lie 


Ser 


Ser 


Ser 


70 


Glu 


Asp 


Ser 


Ser 


81 


Asp 


Glu 


Glu 


Glu 


Heavy Chain, BMA Specific: 


1 


Gin 


Gin 


Gin 


Gin 


7 


Ser 


Ser 


Ser 


Pro 


9 


Ala 


Ala 


Pro 


Ala 


20 


Val 


Val 


Met 


Leu 


40 


Ala 


Ala 


Lys 


Arg 


72 


Ala 


+ 


Ser 


Val 


82 


Glu 


Glu 


Glu 


Gin 


94 


Tyr 


Tyr 


His 


Tyr 


Light Chain, BMA Specific: NONE 



+, variable 



Claims 



Claims for the following Contracting States : AT, BE, CH, DE. DK, FR, GB, IT, LI, LU, NL, SE 

1. A chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor (TCR) which is recognised by 
mAb BMA 031 , the antibody comprising: 

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in 
Table 6A; and 

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in 
Table 6B. 

2. An antibody as claimed in claim 1 wherein the heavy and light chains comprise less than the entire constant region. 

3. An antibody as claimed in claim 1 or 2 which comprises a constant region derived from human antibodies. 

4. An antibody as claimed in any preceding claim conjugated to a cytotoxic moiety, for example a toxin or a radioi- 
sotope. 
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5. An antibody as claimed in any preceding claim for use in medicine. 

6. A phamiaceutical composition comprising an antibody according to any of claims 1 to 4 and a therapeutically 
acceptable carrier. 

7. The use of an antibody as claimed in any of claims 1 to 4 in the preparation of an agent for: 

(a) immunoregulation; 

(b) immunosuppressive therapy; 

(c) treating an autoimmune disease; and/or 

(d) for mediating cytolysis, when conjugated to a cytotoxic agent. 

8. An antibody as claimed in any of claims 1 to 4 which is conjugated, for example by biochemical or molecular biology 
techniques, to one or more isotopes and/or proteins. 

9. An antibody as claimed in claim 8 wherein at least one of the proteins is an enzyme. 

10. A transfecloma cell line that produces an antibody as claimed in any of claims 1 to 3. 

Claims for the following Contracting States : ES, GR 

1 . A process for the production of a chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor 
(TOR) which is recognised by mAb BMA 031 , the antibody comprising: 

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in 
Table 6A; and 

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in 
Table 63; 

the process comprising harvesting the antibody from a cell producing the antibody. 

2. A process as claimed in claim 1 wherein the heavy and light chains in the antibody comprise less than the entire 
constant region. 

3. A process as claimed in claim 1 or 2 wherein the antibody comprises a constant region derived from human anti- 
bodies. 

4. A process for producing an antibody, the process comprising conjugating an antibody produceable by a process 
as claimed in any preceding claim with a cytotoxic moiety. 

5. A process as claimed in any of claims 1 to 4, wherein the cell is a hybridoma cell line. 

6. A process for producing a pharmaceutical composition comprising an antibody produceable by a process according 
to any of claims 1 to 4, the process comprising admixing the antibody with a pharmaceuticalty acceptable carrier. 

7. The use of an antibody producable by a process as claimed in any of claims 1 to 4 in the preparation of an agent for: 

(a) immunoregulation; 

(b) immunosuppressive therapy; 

(c) treating an autoimmune disease; and/or 
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(d) for mediating cytolysis, when conjugated to a cytotoxic agent. 

8. An antibody produceable by a process as claimed in any of claims 1 to 4 for use in medicine. 

9. A process for the production of an antibody conjugate, the process comprising conjugating, for example by bio- 
chemical or molecular biology techniques, an antibody produceable by a process as claimed in any of claims 1 to 
4 with one or more Isotopes and/or proteins. 

10. A process as claimed in claim 9 wherein at least one of the proteins is an enzyme. 

11. A process for the production of a DNA construct comprising at least part of the nucleotide sequences encoding 
an antibody or one or more parts of an antibody produceable by a process according to any of claims 1 to 4, the 
process comprising coupling together successive nucleotides, and/or ligating oligo- and/or polynucleotides. 

1 2. A transfectoma cell line that produces an antibody as described in any of claims 1 to 3. 
Patentanspruche 

Patentanspruchofur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Ein fur eine antigene Determinante auf dem menschlichen A!pha/Beta-T-Zell-Rezeptor (ICR) spezifischer Rekom- 
binationsantikorper, der vom monoklonalen Antikorper mAb BMA 031 erkannt wird, wobei der Antikorper sich aus 
folgenden Bestandteilen zusammensetzt: 

a) eine schwere Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabelle 6A 
gezeigt umfaRt; und 

b) eine letchte Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B 
gezeigt umfaBt. 

2. Antikorper wie unter Patentanspruch 1, bei dem die schweren und die leichten Ketten weniger als die gesamte 
konstante Region umfassen. 

3. Antikorper wie unter Patentanspruch 1 oder 2, der eine von menschlichen Antikorpern stammende konstante Re- 
gion umfaRt. 

4. Antikorper wie unter jedem beliebigen der vortiergehenden Patentanspruche, der mit einem zytotoxischen Teil 
konjugiert ist, beispielsweise mit einem Toxin oder einem Radioisotop. 

5. Antikorper wie unter jedem beliebigen der vorhergehenden Patentanspruche zur Verwendung in der Medizin. 

6. Pharmazeutische Zusammensetzung, bestehend aus einem Antikorper laut jedem beliebigen der Patentanspru- 
che 1 bis 4 und einem vom therapeutischen Gesichtspunkt her akzeptablen Trager. 

7. Benutzung eines Antikorpers laut jedem beliebigen der Patentanspruche 1 bis 4 bei der Herstellung eines Miltels 
fur: 

a) Immunregulation; 

b) Immunsuppression; 

c) Behandlung von Autoimmunerkrankungen; und/oder 

d) zur Herbeifuhrung von Zellauflosung bei Konjugation mit einem zytotoxischen Mittel. 

8. Antikorper wie unter jedem beliebigen der Patentanspruche 1 bis 4, der beispielsweise durch biochemische oder 
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molekularbiologische Techntken mit einem oder rriGhreren Isotopen und/oder Protetnen konjugiert ist. 

9. Antikorper wie unter Patentanspruch 8, bei dem mindestens eines der Proteine ein Enzym ist. 

5 10. Transfectoma-Zellinie, die einen Antikorper wie unter jedem beliebigen der Pat entansp ruche 1 bis 3 beschrieben 
produziert. 

Patentanspruche fur folgende Vertragsstaaten : ES, GB 

10 

1 . Verfahren zur Produktion eines fur eine antigene Determinante auf dem menschlKhen Alpha/Beta-T-Zell-Rezeptor 
(TCR) spezifischen Rekombinationsantikorpers, der vom monoklonalen Antikorper mAb BMA 031 erkannt wird. 
wobel der Antikorper sich aus folgenden Bestandteilen zusammensetzt: 

15 a) eine schwere Kette. deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabelle 6A 

gezeigt umfaRt; und 

b) eine leichte Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B 
gezeigt umfaBt; 

20 

wobQl das Verfahren die Ernte des Antlkorpers von einer den Antikorper produzierenden Zelle umfa3t. 

2. Verfahren wie unter Patentanpsruch 1 , bei dem die schweren und die leichten Ketten im Antikorper weniger als 
die gesamte konstante Region umfassen. 

2S 

3. Verfahren wie unter Patentanspruch 1 oder 2, bei dem der Antikorper eine von menschlichen Antikorpern stam- 
mende konstante Region umfaBt. 

4. Verfahren zur Herstellung eines Antikorpers, wobei das Verfahren aus der Konjugation eines nach einem der unter 
30 den vorherigen Patentanspruchen angemeldeten Verfahren herstellbaren Antikorpers mit etnem zytotoxischen Teil 

besteht. 

5. Verfahren wie unter jedem beliebigen der Patentanspruche 1 bis 4, bei dem die Zelle eine Hybridomzellinie ist. 

35 6. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, die einen Antikorper umfa3t, der sich nach 
einem der unter Patentanspruchen 1 bis 4 erwahnten Verfahren herstellen laQt, wobei das Verfahren das Zumi- 
schen des Antikorpers mit einem vom pharmazeutischen Gesichtspunkt her akzeptablen Trager einschlie3t. 

7. Benutzung eines Antikorpers, der sich nach einem der unter Anspruche 1 bis 4 enwahnten Verfahren herstellen 
"io laBt, bei der Herstellung eines Mittels fur: 

a) Immunregulation; 

b) Immunsuppression; 

45 

c) Behandlung von Autoimmunerkrankungen; und/oder 

d) zur Herbeifuhrung von Zellauflosung bei Konjugation mit einem zytotoxischen Mittel. 

50 8. Nach einem der Verfahren laut Anspruchen 1 bis 4 herstellbarer Antikorper zur Verwendung in der Medizin. 

9. Verfahren zur Herstellung eines Antikorperkonjugats. wobei das Verfahren die Konjugation - beispielsweise durch 
biochemische oder molekularbiologische Techniken -eines nach einem der unter Anspruchen 1 bis 4 enwahnten 
Verfahren herstellbaren Antikorpers mit einem oder mehreren Isotopen und/oder Proteinen einschlieBt. 

55 

10. Verfahren wie unter Anspruch 9, bei dem mindestens eines der Proteine ein Enzym ist. 

11. Verfahren zur Herstellung eines DNA-Gebildes, bestehend aus mindestens einem Teil der Nukleotidsequenzen, 
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die einen Antikorper oder einen oder mehrere Teile eines Antikorpers kodieren, der sich durch eines der unter 
Anspruchen 1 bis 4 erwahnten Verfahren herstellen laQt, wobei das Verfahren die Verbindung aufelnandertolgen- 
der Nukleotide und/oder die LIgierung von Oligo und/oder Polynukleotiden einschlieBt. 

12. Transfectoma-Zellinie, die einen Antikorper wie unter einem der Anspruche 1 bis Sbeschrieben produziert. 
Revendicatlons 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Un anticorps chimerique sp6cifique a un Epitope du rdcepteur des cellules en T humaines, alpha/beta (RCT), 
reconnu par I'antKorps monoclonale (mAb) BMA031, 1'anticorps cx)mprend: 

(a) une chaine lourde dont la region variable comprend une sequence de residus 1 a 120 de CIV-3 comme le 
montre le tableau 6A; et 

(b) une chaTne legfere dont la region variable comprend une sequence de residus 1 a 107de CIV-3 comme le 
20 montre le tableau 6 B. 

2. Un anticorps, selon la revendication 1, ou les chaTnes lourdes et legferes constituent moins que la totality de ta 
region constante. 

25 3. Un anticorps, selon les revendications 1 ou 2, qui comprend une r6gion constante d6riv6e d'anticorps humalns. 

4. Un anticorps, selon toutes les revendications pr§c6dentes, conjugu6 d une moiti6 cytotoxique, par exemple, une 
toxine ou un radio-isotope. 

30 5. Un anticorps, selon toutes les revendrcations pr6c6dentes, pour utilisation en medecine. 

6. Une composition pharmaceutique comprenant un anticorps contorme k chacune des revendications 1 ^ 4 et un 
porteur th^rapeutique acceptable. 

35 7. L'utilisaiion d'un anticorps, conforme ^ chacune des revendications 1 t 4, dans des preparations d'agents pour: 

(a) la regulation immunltaire; 

(b) la th6raple immunosuppressive; 

40 

(c) le traitement d'une maladie auto-immune; et/ou 

d) pour la mediation de la cytolyse, quand 11 est conjugu6 k un agent cytotoxique 

''5 8. Un anticorps, conforme k chacune des revendications 1 k 4, qui est conjugu6, par exemple par des techniques 
biochimiques ou de bblogte moi6culaire, k un ou plusleurs isotopes et/ou prot6ines. 

9. Un anticorps, selon la revendication 8, ou au moins une des prot6ines est une enzyme. 

50 10. Une Iign6e de cellules de transfectomes qui prodult un anticorps conforme k chacune des revendications de 1 ^ 3. 

Revendications pour les Etats contractants suivants : ES, GR 

55 1. Un proc6d6 pour ta production d'un anticorps chim6rique sp6cifique k un isotope des r6cepteurs des cellules en 
T humaines alpha beta (RCT) reconnu par {'anticorps rrronoclonale (mAb) BMA 031 , cet anticorps comprenant: 

a) une chaTne lourde dont la region variable comprend une sequence de r6sidus 1 a 120 deCIV-3 comme le 
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montre te tableau 6 A; et 

b) une chaTne l^gere dont la region variable comprend une sequence de r^sidus 1 a 107de CI\A3 comme le 
montre le tableau 6 B; 

le proc6d6 consiste a rScolter des anticorps d'une cellule qui produit I'anticorps. 

2. Un proc^de, selon la revendication 1 , par lequel dans Tantlcorps, les chaines lourdes et ISgeres constituent moins 
que la totality de la region constante. 

3. Un proced6, selon les revendications 1 et 2, par lequel les anticorps comprennent une region constante d6riv6e 
d'anlicorps hu mains. 

4. Un proc6d6 pour produire un anticorps, le proc6d6 consistant k conjuguer un anticorps, que Ton peut produire par 
le proced6 conforme ^ toutes les revendications pr6c6dentes, avec une moiti6 cytotoxique. 

5. Un proc6d6, conforme ^ chacune des revendications de 1 ^ 4. oij la cellule est une Iign6e de cellules d'hybrydomes. 

6. Un proc6d6 pour produire une composition pharmaceutique consistant d'un anticorps qui peut etre produit par un 
procede conforme k chacune des revendications 1 & 4, ce proc6d6 comprenant I'ajout et le melange de cet anti- 
corps ci un porteur pharmaceutique acceptable. 

7. L'utilisation d'un anticorps. produit par un proc6d6 conforme S chacune des revendications 1 S 4. dans la prepa- 
ration d'un agent pour: 

(a) la regulation immunltaire 

(b) la th6rapie immunosuppressive; 

(c) le traitement d'une matadie auto-immune; et/ou 

(d) pour la mediation de la cytolyse, quand il est conjugue ^ un agent cytotoxique 

8. Un anticorps pour utilisation en m6decine, qui peut 6tre produit par un proc6d6 conforme & chacune des revendi- 
cations de 1 ^ 4. 

9. Un proc6d6 pour la production d'un conjugu6 d'anticorps, le proc6d6 consistant ^ conjuguer, par exemple par des 
techniques biochimiques ou de biologie mol6culaire, un anticorps, qui peut Stre produit par un proc6d6 k chacune 
des revendications 1 ^ 4, d un ou plusieurs isotopes et/ou proteines. 

10. Un proc6d6, selon dans la revendication 9, ou au moins une des proteines est une enzyme. 

11. Un proc6d6 pour la production d'une structure de I'ADN comportant au moins une portion de sequences nucleotides 
qui encodent un anticorps ou une ou plusieurs partie d'un anticorps produit par un proc6d6 conforme k toutes les 
revendications de 1 ^ 4, le precede consistant en I'accouplement de nucleotides successifs, et/ou en la ligature 
d'oligo et/ou de poly nucleotides. 

12. Une lignee de cellules de transfectomes qui produit un anticorps conforme k chacune des revendications 1 k 3. 
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